Modeling the geographic distribution of cellular reception in Letchworth State Park, New York State
Marcie Hogan, Department of Geography, SUNY Geneseo
Introduction
Letchworth State Park (LSP), nicknamed the “Grand Canyon of the East,” is a 58.4 km² (14,427-acre) park in
Wyoming and Livingston counties known for its scenic gorge along the Genesee River (NY State Parks, n.d.).
Picturesque waterfalls, cliffs, and renowned fall foliage make the park a hotspot for tourists—over 800,000 people
visit each year (data.ny.gov, n.d). Due to its relatively remote location and deep valley gorge considered unfavorable
for the transmission of radio waves, cellular service for mobile phone devices is often poor or nonexistent in many
areas within the park, most notably at the bottom of its gorge. However, to date, no study has mapped nor quantified
cellular coverage in the park.
Cell phone reception at a location is determined through two basic factors: (1) proximity to cellular towers (Figure
1), and (2) line-of-sight between a tower and the location. Emitted radio waves will be blocked by hills, tall buildings,
and other topographic disruptions which can hinder an area’s service (Federal Communications Commission, 2020). If
there is a line of sight between a cellular tower and a point, there will be cellular service at the given point. Past
literature has proposed viewshed analysis, commonly performed in geographic information systems (GIS) software, as
a method for modeling the strength of cellular networks, as it can consider both observer height and terrain when
identifying locations with line-of-sight to a tower (Sangeetha et al., 2014). Through comparing a viewshed analysis
output with signal strength data at a sampling of locations collected in the field, another study deemed a viewshed
analysis a valid approach to modeling the capture of radio waves across an area (Dodd, 2001).
This study mapped and assessed the relative strength of cellular service throughout LSP. Through performing this
analysis, an understanding of the expected reception within the park will be obtained, which will allow both park
managers to become more knowledgeable on the scope of service in the park and visitors to better account for lack of
service.

Results
A total of 117 cellular towers fell within the study area and were used for the viewshed analysis. Despite the large
number of observers, the maximum number of sightlines detailed for a given cell in the model is only 20.
65.1% of the park does not have a line of sight with a cellular tower (see Chart 1), which means no service is
expected. Much of this area is clustered in the interior of the park along the gorge, where the elevation is much lower,
and therefore visibility from afar is not likely. 25.7% of the park had between 1 and 5 sightlines, whereas only 7.1% of
the park had between 6 and 10 and only 2.1% saw 11 or over. In essence, less than 10% of the park had a great deal of
sightlines, synonymous with “good” service, and just over a quarter of the park should have poor, but present, service.
Areas predicted to have the best service were most common in the northern portion of the park near the Mt.
Morris Dam and Highbanks Recreation Center, and along the center-western edge. Pockets of service are also
predicted in the southern portion of the park, although they are not nearly as continuous in nature as those found in
the northernmost part of LSP.
Furthermore, several popular scenic locations are predicted to have no service—Wolf Creek Falls, Lower Falls,
Middle Falls, and Upper Falls. Other sites frequented by visitors, namely Inspiration Point, the Great Bend at Archery
Field, and the Hogsback are expected to have, at least, minimal service. Similarly, most of the LSP Campground falls
within areas predicted to have one to five sightlines; some service is predicted there.
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Chart 1 (above): Statistics on the amount of park area spanned and the percentage of total park area for each grouping of number of sightlines.
Figure 3 (left): The output viewshed raster, clipped to the extent of Letchworth State Park.

Discussion
Figure 1 (left): A cellular tower located in New York. Figure 2 (right): A 72.4 km (45 mile) buffer around Letchworth State Park was made. All cellular towers within the bounds of
the area spanned were used in the viewshed analysis.

Data and Methods
This study was performed in 4 steps. ArcGIS Pro software was used for all geoprocessing in this study.
Data acquisition. A point layer representing cellular towers in the United States was acquired from the Homeland
Infrastructure Foundation-Level database. Similarly, a polygon layer representing park boundaries across New York
State from the New York State GIS Clearinghouse was obtained. A 10-meter digital elevation model (DEM) raster layer
was also downloaded from the United States Geological Survey.
Data processing. The LSP boundary was extracted from the layer containing all park boundaries and a 72.4 km (45
mile) buffer was created around the park, as literature suggests that the range covered by a cellular tower can be up
to 45 miles if conditions are ideal (Millman Land National Services, 2021). The cellular tower layer was clipped to the
buffer, which spanned almost the entirety of western New York (Figure 2). Towers which fell inside the buffer were
considered potential sources of service. An attribute in the tower layer, “AllStruc,” contained information on the
height of each tower in meters. A subset of towers did not have a recorded “AllStruc” value, so for these towers the
average value, excluding zeros, of the “AllStruc” attribute was inputted as the height of the tower in a new field,
“observer_height.” This field was a necessary addition to ensure an accurate model.
Viewshed analysis. Viewshed analysis was performed to create a model of cellular reception. Viewshed analysis is a
technique in which cells in a given raster are identified as visible from a set of observer points (ESRI, n.d). The
“Geodesic Viewshed” tool was run with the DEM and tower layer as its inputs. The attribute of the tower layer,
“observer_height” was selected for the “Observer offset” parameter, which allowed the tool to account for each
tower’s height. The “Analysis type” parameter was set to “Frequency,” so that the tool would assign a numerical value
from 1 to 117 to each output raster cell, which represented the total number of cellular towers with a line of sight to
the given cell. The tool outputted a raster which spanned the entire study area; this was clipped to the extent of LSP.
Summary and interpretation. For ease of interpretation, known raster cell dimensions were used to approximate the
total area and percentage of the park associated with each number of sightlines (Table 1). No literature exists which
describes a relationship between the number of sightlines and approximate signal strength, so to quantify this model
cells without a sightline are assumed to have no service. Similarly, anticipated reception increases as the number of
sightlines increases.

The findings of this study agree with the general belief about coverage within Letchworth—service is largely poor
throughout. The interior of the park is an observed reception “dead-zone” due to the gorge, whereas the perimeter of
the park generally has at least one sight light as it is not subjected to many harsh elevation changes.
The northern portion of the park having the best service is to be expected—it has less trees and is generally flat—
conditions more favorable for the interception of radio waves from far away cellular towers. Similarly, the scattering of
isolated areas predicted to have service in the southern portion of LSP is explained by the presence of many hills
which would block off reception to some areas.
While viewshed analysis is largely valid as a means of cellular reception prediction, there are variables present in
this study which may have impacted results. Using a 10-meter DEM is typically sufficient for a viewshed analysis,
however for a small study area with immensely varied terrain, a finer resolution DEM would show dead zones in
narrow gullies that the 10-meter DEM could not capture. Similarly, the lack of “AllStruc” values for some cellular
towers, and the substitution of an average value for the missing values, could have skewed the assigned values of
certain raster cells. One of the closest towers to LSP had a missing “AllStruc” value. This tower was more likely to have
a line of sight with areas in LSP; the magnitude of the error caused by this inaccurate height could be significant.
Furthermore, the DEM used does not account for buildings or other man-made structures which can block radio
waves. As a result, this model may potentially overestimate service in some areas, however there are not many large
buildings in the area to be concerned with.
The novel information on cell phone coverage presented in this study should be considered by both LSP park
managers and visitors. With thousands of travelers per year flocking to a park that is largely desolate, injury or
accident, while uncommon, is to be expected. The current cellular service area in the park is lacking and would not
support calls for help in more remote parts, which could greatly hinder rescue efforts. Park-goers should educate
themselves on dead-zones within the park and take precautions to inform others of their whereabouts before hiking
in an area with no service.
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